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Background Information 
 
Provisions of  the California Health and S afety Code (Reference No. 1) specify that water systems 
serving more t han 10,000 pr epare a s pecial r eport by  J uly 1,  2013 i f t heir w ater quality 
measurements hav e e xceeded any  one  or  m ore of  105 P ublic H ealth Goals ( PHGs). P HGs ar e 
non-enforceable goals established by the California Environmental Protection A gency (Cal-EPA) 
Office o f E nvironmental H ealth H azard A ssessment ( OEHHA). The l aw al so r equires t hat w here 
OEHHA has  not  adopted a P HG for a constituent, the water supplier is to use the United States 
Environmental P rotection A gency ( USEPA) Maximum Contaminant Level Goal ( MCLG) for t he 
constituent. Only c onstituents w hich ha ve a C alifornia pr imary dr inking w ater s tandard and for 
which either a PHG or MCLG has been set are to be addressed. (Reference No. 2 is a list of all 
regulated constituents with the MCLs and PHGs or MCLGs.)  
 
There are a few c onstituents that are routinely det ected in water systems at levels usually well 
below the drinking water standards for which no PHG or MCLG has yet been adopted by OEHHA or 
USEPA including Total Trihalomethanes. These will be addressed in a future required report after a 
PHG has been adopted. 
 
The law specifies what information is to be provided in the report. (See Reference No. 1)  
 
If a constituent was detected in the City’s water supply between 2010 and 2012 at a level exceeding 
an applicable PHG or MCLG, this report provides the information required by the law. Included is 
the num erical publ ic he alth r isk as sociated w ith t he c onstituent’s M aximum C ontaminant Lev el 
(MCL, the highest level al lowed in dr inking water) and the PHG or MCLG, the category or type of 
risk to heal th t hat c ould be as sociated with e ach c onstituent, t he be st t reatment t echnology 
available that could be used to reduce the constituent level, and an estimate of the cost to install 
that treatment if it is appropriate and feasible. 
 
What Are PHGs? 
 
PHGs ar e s et by  t he C alifornia O ffice o f E nvironmental H ealth H azard A ssessment ( OEHHA)  
based solely on public health risk considerations.  None of the practical risk-management factors 
that are considered by the USEPA or the California Department of Public Health (CDPH) in setting 
drinking w ater s tandards M aximum C ontaminant Lev els ( MCLs) ar e c onsidered i n s etting t he 
PHGs. These factors include analytical detection capability, treatment technology available, benefits 
and costs. The PHGs are not enforceable and are not required to be met by any public water 
system. MCLGs are the federal equivalent to PHGs. 
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Water Quality Data Considered: 
 
All of the water quality data collected by our water system between 2010 and 2012 for purposes of 
determining compliance with drinking water standards was considered. This data was summarized 
in our 2010, 2011, and 2012 Annual Water Quality Reports, which were mailed or made available to 
all of our customers before July 1st of each year following the monitoring year. (Reference No. 3) 
 
Guidelines Followed: 
 
The A ssociation o f C alifornia Water A gencies ( ACWA) formed a w orkgroup, which pr epared 
guidelines for w ater providers t o us e i n p reparing these required reports. T he ACWA g uidelines 
were used in the preparation of our report. No guidance was available from state regulatory 
agencies. (Reference No. 4) 
 
Best Available Treatment Technology and Cost Estimates: 
 
Both the USEPA and CDPH adopt what are known as BATs or Best Available Technologies which 
are the best known methods of reducing contaminant levels to the MCL. Costs can be estimated for 
such technologies. However, since many PHGs and all MCLGs are set much lower than the MCL, it 
is not  always possible or f easible t o determine w hat t reatment i s ne eded t o further reduce a 
constituent downward to or near the PHG or MCLG, many of which are set at zero. Estimating the 
costs to reduce a constituent to zero is difficult, if not impossible because it is not possible to verify 
by analytical means that the level has been lowered to zero. In some cases, installing treatment to 
try and further reduce very low levels of one constituent may have adverse effects on other aspects 
of water quality. (Reference No. 5) 
 
Constituents Detected That Exceed a PHG or a MCLG: 
 
The following i s a di scussion o f seven constituents; coliform bac teria, Lead, Arsenic, Nickel, 
Bromate, Gross Beta Activity, and Uranium that were detected in one or more of our drinking water 
sources a t l evels abov e t he P HG, or  i f no P HG, abov e t he M CLG.  (Reference 6 is a t abled 
summary). 
 
Coliforms 
 
The Maximum Contaminant Level ( MCL) in dr inking water for coliform bacteria (Coliforms) is 5% 
positive s amples of  al l s amples per  month, and t he M CLG i s z ero.  Coliforms are i ndicator 
organisms that are ubiquitous in nature and are not generally considered harmful.  They are used 
because o f t he eas e i n m onitoring and anal ysis.  I f a pos itive s ample i s f ound, i t i ndicates a  
potential problem that needs to be investigated and f urther follow up sampling is done.  I t is not at 
all unusual for a system to have an oc casional positive sample.  I t is difficult, if not impossible, to 
assure that a system will never get a pos itive sample.  Coliforms found in 5% or more of monthly 
samples is a warning of potential water distribution system problems. 
 
Level in Drinking Water 
During 2010-2012, the city s taff collected between 104 and 133 samples monthly throughout our 
distribution system for Coliforms analyses.  O f the 4,056 routine samples collected, three samples 
were positive for Coliforms; all three samples were negative for Coliforms on the next day, follow-up 
sampling.  T he three separate positive samples equate to a monthly maximum of 1.5% positive in 
2010 when they occurred.  There were no positive samples for Coliforms in all of 2011 and 2012. 
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Health Risk Information 
The drinking water standard for Coliforms serves to minimize the possibility of the water containing 
pathogens, which are organisms that cause waterborne disease. Because Coliforms are only a 
surrogate indicator of the potential presence of pathogens, it is not possible to state a specific 
numerical heal th r isk.  While U SEPA nor mally s ets M CLGs “ at a l evel where no k nown or 
anticipated adv erse e ffects on  per sons w ould oc cur”, they i ndicate t hat t hey c annot do s o w ith 
Coliforms. 
 
Best Available Technology (BAT) and Treatment Costs 
The City adds chlorine to all drinking water to assure that the water served is microbiologically safe.  
The c hlorine r esidual l evels are c arefully c ontrolled t o pr ovide t he bes t heal th pr otection w ithout 
causing the water to have undesirable taste and odor or increasing the disinfection byproduct level.  
This careful balance of treatment processes is essential to continue supplying our customers with 
safe dr inking w ater. Other eq ually i mportant measures that w e hav e i mplemented i nclude: an 
effective c ross-connection control program, maintenance of a  disinfectant residual t hroughout our 
water distribution s ystem, an e ffective m onitoring and s urveillance pr ogram, and maintaining 
positive pressures in our water distribution system.   
 
The City has already taken all of  the steps described by the CDPH as “best available technology” 
for coliform bacteria in Section 64447, Title 22, California Code of Regulations. 
 
Lead 
 
Although there is no federal or state primary drinking water MCL for Lead, the 90th percentile value 
of all samples from household taps in the distribution system cannot exceed an Action Level of 15 
ppb per USEPA “Lead and Copper Rule” requirements.  The PHG for Lead was lowered from 2.0 
ppb in 2008 to 0.2 ppb in 2009. 
 
Lead finds its way into drinking water usually by the corrosion of internal household plumbing, and 
occasionally by the erosion of natural deposits. It can also come from the discharges from industrial 
manufacturers. 
 
Level in City of Vacaville’s Drinking Water 
Triennial sampling conducted in 2011 resulted in a 90th percentile value for Lead of 2.5 ppb, with 17 
of 32 samples exceeding the 2009 PHG of  0.2 ppb. All but two of our surface and ground source 
water samples t ested between 2010 and 2012 were bel ow t he new Lead PHG, indicating t hat 
household plumbing is the primary source of Lead in the drinking water. 
 
Health Risk Information 
The c ategory o f heal th r isk for Lead is dam age t o t he kidneys or  ner vous s ystem of  hu mans. 
Children may show slight deficits in attention span and learning abilities.  Adults who drink water 
with elevated Lead levels over many years may develop kidney problems or high blood pressure. 
 
Best Available Technology (BAT) and Treatment Costs 
In general, optimizing corrosion control is considered to be t he “best available technology” to deal 
with corrosion issues that may be associated with elevated Lead results from household taps.  The 
City’s drinking w ater i s m onitored regularly for water q uality parameters related to plumbing 
corrosion, such as  the pH, har dness, al kalinity, and el ectrical c onductivity, w ith r esults i ndicating 
that the water is not corrosive to plumbing.   
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The City’s drinking water is consistently below the Action Level for Lead of 15 ppb, indicating that 
we have met the “optimized corrosion control” requirements for our system.  As such, it is not 
prudent to i nitiate addi tional c orrosion c ontrol treatment, w hich would involve the addition of 
chemicals that could Lead to other water quality problems. Therefore, no estimate of cost is 
included in this report. 
 
Arsenic 
 
Effective in January 2006, the federal Arsenic MCL was lowered from 50 ppb to 10 ppb.  CDPH set 
the PHG for Arsenic at 0.004 ppb in April 2004.  This is far below the Detection Limit for Reporting 
(DLR) o f 2  ppb,  and is well below the level t hat can be r eliably determined by current laboratory 
methods.   
 
Arsenic is a nat urally occurring el ement found i n m any t ypes of  r ocks and s oils.  I t i s al so 
sometimes found in r unoff from o rchards, an d is s ometimes found in g lass and electronics 
production wastes.  Erosion of natural deposits is the primary source of Arsenic found in the water 
supply.  
 
Level in City of Vacaville’s Drinking Water 
For the 2010 to 2012 period, the range of Arsenic detected was between <2 ppb to 9.9 ppb, below 
the current MCL action level of 10 ppb, but above the PHG of 0.004 ppb. 
 
Health Risk Information 
The health r isk category for Arsenic is “carcinogenicity” or cancer.  S ome people who drink water 
that c ontains Arsenic in ex cess o f t he M CL o ver m any y ears m ay ex perience s kin dam age or 
circulatory problems, and may have an increased risk of getting cancer.  Numerical health risk data 
on Arsenic has been provided by OEHHA, the state agency responsible for providing that 
information. (Reference 2)   
 
Best Available Technology (BAT) and Treatment Costs 
The “ best av ailable t echnology” for Arsenic removal i s depend ent on t he water c hemistry of  t he 
source water being treated.  While research into new methods for removing Arsenic continues, the 
current recommendations are: 
 

• Activated alumina 
• Ion exchange 
• Coagulation and filtration 
• Lime softening 
• Reverse osmosis 
 

All of  t he e ffective B AT m ethods for Arsenic removal r equire s ignificant s pace, ar e expensive t o 
install and operate, and would produce residual hazardous waste that would require costly disposal. 
    
A valid cost for Arsenic removal is difficult to estimate at this time, as CDPH has not established a 
final M CL f or C alifornia, w hich m ay be es tablished at  a s ignificantly l ower l evel t han t he f ederal 
MCL of 10 ppb.  
  
Assuming that CDPH does not lower the MCL below 10 ppb, then the cost estimate for BAT Arsenic 
removal would be bas ed on any  water source that had Arsenic detected at or above the DLR of 2 
ppb.  For the 2010 to 2012 time period, seven of the 12 ground water wells and one of the treated 
surface water sources exceeded t he 2 ppb D LR for Arsenic. Therefore, cost es timates would be 
based on BAT treatment of seven ground water wells and one surface water source. 
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A cost es timate, based on assumptions s tated previously, t o i nstall and oper ate seven individual 
Arsenic removal systems for seven ground water wells would range from approximately $4,000,000 
to $7,000,000 per year, which includes annualized cost of construction plus annual operation and 
maintenance costs, ($0.67-$1.84 per 1,000 gallons), or reverse osmosis ($1.90 - $3.69 per 1,000 
gallons), but does  not  include waste disposal.  For water produced at  2012 levels, the t reatment 
technology choice would depend on t he ability of treatment to attain Arsenic levels below the DLR 
of 2 ppb f or each well.  Other treatment opt ions were not considered as they require more space 
than is available at each well site.  This translates into an estimated additional annual cost of to $84 
to $ 460 per s ervice c onnection for the l ife o f t he t reatment system, dependi ng on t reatment 
technology required. 
 
Nickel 
 
CDPH has set the MCL for Nickel at 100 ppb, with a PHG of 12 ppb.  At this time there is no federal 
limit on t he am ount o f Nickel in dr inking water, al though t he USEPA had ear lier pr omulgated an 
MCL of 100 ppb and an MCLG of 100 ppb for Nickel, which were both remanded in 1995.   
 
Nickel is a naturally occurring element found in many types of rocks and soils.  It is also sometimes 
found in the waste discharge from metal factories.  Erosion of natural deposits is the primary source 
of Nickel found in the water supply.  
 
Level in City of Vacaville’s Drinking Water 
For the 2010 to 2012 period, the amount of Nickel found in the water supply was <10 ppb  in all but 
one sample, the one sample containing 16 ppb, an amount that is well below the 100 ppb MCL. 
 
Health Risk Information 
The health risk category for Nickel is “developmental toxicity”, related to increased neonatal deaths.  
Some peopl e who dr ink water t hat c ontains Nickel in ex cess of  t he M CL ov er m any years m ay 
experience liver and heart effects.  Numerical health risk data on Nickel has been provided by 
OEHHA, the State agency responsible for providing that information. (Reference 2)   
 
Best Available Technology and Treatment Costs 
The “best available technology” for Nickel removal i s dependent on t he water c hemistry of  t he 
source water being treated.  The current recommendations are: 
 

• Ion exchange 
• Reverse osmosis 
 

An es timate t o t reat the water t he C ity of  Vacaville r eceives t hrough t he NBR T reatment Fac ility 
(7,000 A cre-Feet/year) would r ange from $3 ,500,000 t o $8 ,400,000 for r everse os mosis, which 
includes annual ized c ost o f c onstruction pl us annual oper ation and m aintenance c osts, o r would 
range from $1,500,000 to $4,200,000 for ion exchange.  These cost estimates do not include waste 
disposal costs.  This translates into an estimated additional annual cost of $63 to $350 per service 
connection for the life of the treatment system, depending on treatment technology required. 
 
Bromate 
 
CDPH has set the MCL for Bromate at 10 ppb,  with a P HG of 0.1 ppb. Bromate is not commonly 
found i n w ater, bu t i t m ay be f ormed as  a by product o f oz onation di sinfection o f dr inking w ater.  
Bromate is also a contaminant that may be introduced from disinfection treatment of water with 
concentrated hypochlorite. 
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Level in City of Vacaville’s Drinking Water 
For t he 20 10 to 20 12 period, t he am ount o f Bromate found i n t he t reated w ater ranged from 
undetected up to 4.3 ppb. This is well below the 10 ppb MCL, but does exceed the PHG of 0.1 ppb 
established in 2009.  
 
Health Risk Information 
Some people who drink water containing Bromate in excess of the MCL over many years may have 
an increased risk of getting cancer. 
 
Best Available Technology (BAT) and Treatment Costs 
The “best available technology” for reducing Bromate to below the MCLG is control or elimination of 
ozone treatment at the Northbay Water Treatment Plant.  However, elimination of ozone treatment 
is undesirable, as the benefits of ozone treatment (improved water taste and i mproved removal of 
cryptosporidium and viruses), outweigh the trace amount of Bromate that is detected in the water.   
 
Gross Beta Activity 
 
CDPH has set the MCL for Gross Beta Activity at 50 pico Curie per liter (pCi/L), with a PHG of zero 
pCi/L.  Gross Beta Activity naturally occurs in many types of rocks and s oils.  I t is also sometimes 
found in the waste discharge from metal factories.  Erosion of natural deposits is the primary source 
of Gross Beta Activity found in the water supply.  
 
Level in City of Vacaville’s Drinking Water 
For the 2010 to 2012 period, the amount of Gross Beta Activity found in the treated water sample 
was “not detected” to 5 pCi/L. This is well below the 50 pCi/L MCL, but does exceed the PHG of 
zero pCi/L.  
 
Health Risk Information 
Certain m inerals a re r adioactive and m ay em it forms o f r adiation known as  phot ons and bet a 
radiation. Some people who drink water containing beta and photon emitters in excess of the MCL 
over many years may have an increased risk of getting cancer. 
 
Best Available Technology (BAT) and Treatment Costs 
Treating w ater c ontaining nat urally oc curring r adionuclides i ncreases t he r adionuclide 
concentrations in the residual streams. The concentration of radionuclides in the waste stream, the 
type of waste produced (liquid or solid), and federal and s tate regulations will affect what disposal 
options are available to the system and what technology can be used for removal of the 
contaminant.  BATs include: 

• reverse osmosis 
• lime softening 
• ion exchange 
• point of use reverse osmosis.  
 

A cost estimate to install and operate a treatment system to lower the Gross Beta Activity  level in at 
least 4 ground water wells would range from approximately $125,000 to $806,000 per year, which 
includes annualized cost of construction plus annual operation and maintenance costs, but does not 
consider waste disposal costs.  This estimate is based on reverse osmosis ($1.90 - $3.69 per 1,000 
gallons) or ion ex change ( $0.67-$1.84 per  1 ,000 gallons) technologies for the a mount o f w ater 
produced, choice of which would depend on t he ability of treatment to attain a G ross Beta Activity 
level closest to the PHG of zero. This translates into an addi tional annual cost of approximately $6 
to $3 5 per s ervice c onnection for the l ife o f the t reatment s ystem, depending on  t reatment 
technology required. 
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Uranium 
 
CDPH has set t he MCL f or Uranium at 20 pC i/L, w ith a  P HG o f 0.43 pCi/L.  Erosion o f nat ural 
deposits is the primary source of Uranium activity found in the water supply.  
 
Level in City of Vacaville’s Drinking Water 
For the 2010 to 2012 period, the amount of Uranium found in the treated water was from 1.1 - 3.2 
pCi/L. This is well below the 20 pCi/L MCL, but does exceed the PHG of 0.43 pCi/L.  
 
Health Risk Information 
Some people who drink water containing Uranium in excess of the MCL over many years may have 
kidney problems or an increased risk of getting cancer. 
 
Best Available Technology (BAT) and Treatment Costs 
Treating w ater c ontaining nat urally oc curring r adionuclides i ncreases t he r adionuclide 
concentrations in the residual streams. The concentration of radionuclides in the waste stream, the 
type of waste produced (liquid or solid), and federal and s tate regulations will affect what disposal 
options are available to the system and what technology can be used for removal of the 
contaminant.  BATs include  

• reverse osmosis 
• lime softening 
• ion exchange 
• point of use reverse osmosis.  
 

A c ost es timate t o i nstall and oper ate t reatment s ystems to l ower t he Uranium  level in  each o f 
Vacaville’s 11  ground w ater w ells would range from app roximately $ 340,000 t o $ 2,200,000 pe r 
year, which includes annualized cost of construction plus annual operation and maintenance costs, 
but does not consider waste disposal costs.  This estimate is based on reverse osmosis ($1.90 - 
$3.69 per  1 ,000 gallons) or  i on ex change ($0.67-$1.84 pe r 1, 000 gallons) t echnologies f or t he 
amount of w ater p roduced, c hoice o f w hich w ould depend on t he abi lity of  treatment to a ttain a 
Gross Beta Activity level closest to the PHG of zero. This translates into an additional annual cost of 
approximately $14 to $92 per service connection for the life of the treatment system, depending on 
treatment technology required. 
 
RECOMMENDATIONS FOR FUTHER ACTIONS 
 
The drinking water quality of the City of Vacaville meets or exceeds all state and federal drinking 
water MCL standards set to protect public health.  To further reduce the levels of the contaminants 
identified in this report, wh ich are already significantly below the health-based MCLs, additional 
costly t reatment pr ocesses w ould be r equired.  T he e ffectiveness o f t he t reatment p rocesses t o 
provide any significant reductions in c onstituent l evels at these already low values is uncertain.  
Furthermore, the health protection benefits o f t hese estimated reductions are not  a t al l c lear and 
may not be quantifiable.  Therefore, no action is proposed. 
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